ABSTRACT
INTRODUCTION
Approximately 45 000 water reservoirs exist worldwide, most of them constructed for irrigation purposes (Cosgrove and Rijsberman, 2000) . Around the world, between 30 and 40% of the 268 million ha of irrigated land are dependent on reservoirs for their water supply. There are more than 4 000 reservoirs in Mexico, 667 of them are classified as large dams (Waltz et al., 2007) . Mexico's 52 largest lakes hold 60% of the country's total reservoir capacity (CONAGUA, 2007) . Approximately 21% of the total population of Mexico (i.e. 112 million people) is concentrated in the Mexico City metropolitan area, which accounts for less than 0.5% of the total national territory area of 1 964 000 km 2 (INEGI, 2011) . The denselypopulated central region of the country is particularly vulnerable to limited water supplies. Approximately 593 wastewater treatment plants operate in Mexico, treating only 26% of the total wastewater flow produced nationwide (CONAGUA, 2007) . The remaining 74% usually end up in aquatic ecosystems, causing cultural eutrophication. Consequently, most of the Mexican reservoirs located within or close to urban areas are heavily polluted with dire consequences for the aquatic ecosystems biodiversity as well as potential risks for public health (Welch and Jacoby, 2004) . This is generating a growing concern as the volume of wastewater produced is increasing due to further urbanization and economic development. Improvement of wastewater management appears to be essential for future human and environmental welfare. The latter is of foremost importance in Mexico, where the water bodies are subject to tropical or subtropical climates and thus are naturally more prone to eutrophication than temperate or boreal climates water bodies (Lewis Jr, 1996) . The vast Mexican plateau with an extension of 600 000 km 2 and an altitude between 1000 to 2700 m above mean sea level (a.s.l.) is located between 18
• N and 28
• N (northern latitudes). It has a subtropical climate and even though few studies have been conducted in this region, the impact of water pollution on subtropical lakes ecology is of major concern. In this study, a subtropical reservoir, "Lago de Guadalupe" (LG) was used as model to address the impact of anthropogenic pollution on limnological characteristics of reservoirs.
LG was selected for being polluted by important wastewater discharges and to test the following hypothesis: (i) LG developed a longitudinal zonation of water quality and trophic state across its major axis due to urban wastewater discharges; and (ii) the eutrophic state of LG is not a result of the regional climatic conditions. The seasonal and spatial variations of physical, chemical and biological variables were determined in LG and compared to those in a nearby non-polluted lake "Lago el Llano" (LL). LL is located in the same drainage basin and at the same altitude as LG, so it is subject to the same macroclimatic conditions. This study provided the opportunity to evaluate the consequences of poor reservoir management reflected by the negative impact of urban wastewater discharges over subtropical reservoir ecosystems.
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Figure 1
Sampling and monitoring stations at Lakes "Lago de Guadalupe" (Top) and "Lago el Llano" (Bottom) . Lago de Guadalupe: 19.630 (Latitude), Lago el Llano: 19.658 (Latitude), . Rivers: Río San Pedro (R1), Río Cuautitlán (Arroyo Grande and Arroyo Chico) (R2), Río Xinté (R3) and Río Cuautitlán (R4) .
STUDY SITES
LG is a tributary reservoir constructed in 1943 as an irrigation and flood control system. General properties of LG are listed in Table I . According to Hutchinson's classification criteria, LG is a "73" type artificial lake (Hutchinson, 1957) , while according to the International Commission on Large Dams (ICOLD) criteria, LG is considered a large dam (Waltz et al., 2007) .
LG is located within Mexico City metropolitan area at 2240 m a.s.l. and 25 km northwest of the centre of Mexico City (19.6310 N, 99.2567 W) . According to the longitudinal pattern model of Thornton et al. (1990) , LG has three distinct constitutive zones, i.e. fluvial, transitional and lacustrine, which are morphologically distinct from each other in depth and proximity to the dam. The reservoir has an irregular shoreline and its major axis goes from the southwest to the northeast following the water flow from the fluvial zone towards the lacustrine zone where the dam is located (Figure 1 ). The climate in the area is temperate sub-humid with most of the precipitation in summer (García, 1973) . The lake is habitat for more than 150 bird species both endemic and migratory, such as Pelecanus erythrorhynchos, Anas platyrhyncho, Anas diazi and Aythya affinis. In the western region (fluvial zone), the reservoir receives untreated urban wastewater discharges from three tributary rivers (i.e. Cuautitlán, Xinté and San Pedro). The estimated total discharge is 15 hm 3 /y and equals 25% of the LG total volume (2 years of residence time) (Gutierrez-Díaz, 2006, Personal communication. Environmental Department Director, Cuautitlan Izcalli, Mexico) . A nearby unpolluted study site was selected and characterized for comparison with LG. The selected site was LL (19.6577 N, 99.5069 W) , which is a 6 ha fetch reservoir located within the same drainage basin (26 km west of LG). LL is located in a protected area and receives water from an unpolluted tributary river and springs. General properties of LL are listed in Table I .
MATERIALS AND METHODS
> BATHYMETRY AND MORPHOMETRY
The surface area (A) was obtained through image analysis of aerial photographs. Depth measurements were taken with a Digital Depth Sounder (Hondex, Mexico). Volume (V) was estimated from depth and area measurements. Morphometric parameters, i.e. average depth (z m ), maximum depth (z max ), relative depth (z r ), maximum length (l), maximum effective length (l f ), maximum width (b), shoreline length (L), shoreline development (D L ), development of volume (D V ) and dynamic ratio (D R ), were determined as stipulated in literature (Hakanson, 1981; Hutchinson, 1957; Lindstrom and Hakanson, 1999; Wetzel and Likens, 2000) . The parameters z m , z r , D L , D V and D R were calculated using equations (1) to (5):
> SAMPLING AND MONITORING STATIONS
The physicochemical characteristics at LG were determined at least three times per year from February 2006 to July 2009 (Table II) . Seven sampling and monitoring stations (SMS) were established and distributed across the fluvial, transitional and lacustrine zones to determine spatial variations across the reservoir (Figure 1 ). The SMS located at the fluvial zone were named MA and MB, while those located at the transitional zone were named M1 and M2, and those at the lacustrine zone were named M3, M4 and M5. LL was characterized two times in July and December 2009. Due to the smaller size of LL, only two SMS were set up, one located at the fluvial zone and another at the lacustrine zone (Figure 1 ). (BOD 5 ), chlorophyll a (Chl-a), total and faecal coliforms, and faecal streptococci were determined according to standard methods protocols (APHA, 1999), whereas total carbon (TC), inorganic carbon (IC), total organic carbon (TOC) and total nitrogen (TN) were measured with a total carbon and nitrogen analyser (Shimadzu Vcsn equipped with a TN1 module). Additionally, sediments samples were collected using a Petersen grab type dredge (Zhang, 2007) . Sediments were analysed for TOC, SO 2− 4 , total phosphorus (TP), Kjeldahl nitrogen, dry weight and loss on ignition.
> PHYSICAL, CHEMICAL AND BIOLOGICAL VARIABLES
> TROPHIC STATE AND WATER QUALITY INDEXES
Trophic state indexes (TSI) were used to estimate cultural eutrophication (Carlson, 1977) . Secchi depth (TSI-SD), chlorophyll a (TSI-Chl-a) and total phosphorus (TSI-P) were used to calculate the trophic state indexes. Additionally, a Water Quality Index (WQI) was calculated with a weighted multiplicative function (Eq. (6)) of several parameter quality indexes (Qi); where Wi is the weight of each quality index. Seven parameters were considered; faecal coliforms, pH, DBO 5 , nitrates, SRP, TSS and DO. Qi were obtained from the National Sanitary Foundation (www.water-research.net/watrqualindex) and Wi values were modified from Fernandez and Solano (2005); i.e. 0.176, 0.146, 0.126, 0.126, 0.126, 0.105 and 0.195 for faecal coliforms, pH, DBO 5 , nitrates, SRP, TSS and DO, respectively.
STATISTICAL ANALYSIS
Significant differences were determined using the Tukey-Kramer's multiple comparison tests performed after analyses of variance (P < 0.05). In addition, Pearson product-moment correlation coefficients were estimated to explore the relationship between the longitudinal zonation and different parameters used as water quality indicators. All statistical analyses were done with R language (R core team, 2012). Table II in situ and ex situ parameters measured in "Lago de Guadalupe" LG and "Lago el Llano" LL reservoirs.
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RESULTS
> LG CHARACTERIZATION
Bathymetry and morphometry
The results of the morphometric analysis of LG are summarized in Table I . The fluvial, transitional and lacustrine areas of LG corresponded to approximately 10, 25 and 65% of the total surface area, respectively. The fluvial zone, which received the wastewater discharge, was 1 to 4 m deep. The transitional zone was between 5 and 9 m deep, with a lower depth near the shore, while the lacustrine zone was between 10 and 17 m. LL was characterised by a small fluvial area and it was not possible to make a clear distinction between the transitional and lacustrine zones. Therefore, only the LL fluvial and lacustrine zones were considered. The fluvial and lacustrine areas of LL corresponded to approximately 15 and 85% of the total lake surface. The fluvial zone, which received unpolluted tributary river and springs, was between 1 and 6 m deep, while the lacustrine zone was between 9 and 14 m.
LG thermal stratification, mixing regime, pH and oxygen distribution Temperature, oxygen and ORP profiles were used to differentiate the epilimnion (0 to 4 m deep) and the hypolimnion (8 to 17 m deep). The LG water column remained thermally stratified from spring to autumn, maintaining a 2 to 5
• C temperature difference between surface and bottom layers. During this period, a thermocline was observed between 3 and 4 m depth (Figure 2 ). During winter, however, the temperature difference between the surface and bottom layers decreased to 0.5
• C, reaching homothermy (Figure 2 ). The LG average yearly temperature was 17.9
• C for the epilimnion and 15.4
• C for the hypolimnion. The epilimnion temperature was not significantly different over time within either the fluvial or transitional zones (P < 0.05). However, temperatures in the lacustrine zone epilimnion were significantly different over time (P < 0.05). The maximum temperature of 20.5
• C in the epilimnion and 17.8
• C in the hypolimnion were measured in May, while a minimum of 14.4
• C in the epilimnion and 13.5
• C in the hypolimnion were measured in February. The DO in the LG water column decreased with depth describing a clinograde oxygen curve (Figure 3 ). During the entire study period, the hypolimnion showed anoxic conditions (DO concentration ≈ 0 mg·O 2 ·L −1 , ORP < −200 mV), which is indicative of an eutrophic state. The epilimnion DO average during the studied period was 1.5 ± 1.7 mg·O 2 ·L −1 . In the epilimnion of ). The ORP data were consistent with DO concentrations (i.e. low ORP values corresponded to low DO concentrations). Even though oxygen concentrations were generally low or negligible, the hypolimnion contained oxygen concentrations averaging 0.76 ± 0.16 mg·O 2 ·L −1 in the lacustrine zone during winter when mixing of the water column was observed. Due to algal blooms (Chl-a = 0.8 mg·L −1 ) in the spring, DO concentrations were above saturation (up to 18 mg·O 2 ·L −1 ) in the fluvial zone. The maximum pH (9.31) was recorded in the fluvial zone during the algal bloom. The minimum pH recorded (6.90) was in the hypolimnion of the lacustrine zone during stratification. The pH decreased throughout the water column in the lacustrine zone during stratification (Figure 2 ).
> WATER ANALYSES
Nitrate and nitrite concentrations were constantly below detection limits (0.4 mg·NO (Table II) . The average ammonium concentration was 5.3±2.7 mg·NH LG received constant carbon, nitrogen and phosphorus inputs in the fluvial zone. Both TOC and TN were high and showed a longitudinal zonation (Figure 4) . The highest SRP (2.59 mg·P·L −1 ) was found in the fluvial zone, while the lowest (0.58 mg·P·L −1 ) was in the lacustrine zone. The highest TN (17.79 mg·N·L −1 ) was also found in the fluvial zone and the lowest (0.33 mg·N·L −1 ) in the lacustrine zone. The ratio of mineral nitrogen (DIN = nitrate + nitrite + ammonium) over SRP reached a maximum of 7.00 and an average of 3.35 ± 1.13, but was not significantly different over time. As previously mentioned, LG received urban wastewater discharges containing high quantities of organic matter. The organic matter content was measured indirectly through TOC, COD and BOD 5 . A clear longitudinal zonation of these three parameters was observed (Figures 4, 5) . Maximum TOC, COD and BOD 5 values were all found in the fluvial zone with values of 46 mg·C·L −1 , 416 and 70 mg·L −1 , respectively. Minimum TOC, COD and BOD 5 values were all found in the lacustrine zone with values of 3 mg·C·L −1 , 21 and 0.9 mg·L −1 , respectively. Chl-a and SDD were used as primary productivity indicators. Chl-a was also clearly subject to a longitudinal zonation ( Figure 5 ). The minimum Chl-a (0.003 mg·L −1 ) values were measured in the lacustrine zone during the stratification period and the corresponding
Figure 4 Longitudinal TN (-•-), TOC (-•-) and SRP (-Δ-) profiles in LG. SRP values are multiplied by 10 for clearer representation.
Figure 5 Longitudinal Chlorophyll a (-•-), COD (-Δ-) and BOD 5 (-•-) profiles in LG.
SDD was 2.2 m, which was the maximum measured. The lowest SDD (0.15 m) was measured where the highest Chl-a (0.8 mg·L −1 ) was found. Differences of microbiological indicators (i.e. total and faecal coliforms and faecal streptococci concentrations) were observed between fluvial, transitional and lacustrine zones. Higher concentrations of microbiological indicators were found in the fluvial zone during the stratification period. The average concentrations of total coliform bacteria, faecal coliform bacteria and faecal streptococci were 5.29 ± 1.55, 4.05 ± 1.01 and 2.13 ± 0.20 logCFU 100 mL −1 , respectively.
> SEDIMENT ANALYSIS
No significant differences were found in TOC, Kjeldahl nitrogen, total phosphorus and sulphate concentrations in LG sediments throughout the monitoring period. The average TOC content in sediment samples of all SMS was 40 ± 18 g·kg −1 ·dry·weight. The highest TOC value was found in the lacustrine zone (97 g·kg −1 ·dry·weight), while the minimum was found in the fluvial zone (21.34 g·kg 
> LL CHARACTERIZATION
LL had a maximum depth of 14 m and shoreline development of 1.96, similar to that of LG (Table I) . Data collected on temperature, thermal stratification and mixing regime allowed us to classify LL as a warm monomictic reservoir. Since LL was not receiving wastewater discharges, significant differences were found between the two lakes. Table II shows the average parameters determined in LL. DO slightly decreased with depth during the stratification period, however the water column was oxic, with an average DO concentration of 6.1 ± 0.8 mg·O 2 ·L −1 in the epilimnion and 4.7 ± 1.1 mg·O 2 ·L −1 in the hypolimnion. SDDs were significantly higher than those observed in LG (2.4 ± 0.4 m) and water analyses showed average TOC and TN values of 3.36 ± 0.16 mg·C·L −1 and 0.41 ± 0.07 mg·N·L −1 , respectively. COD, nitrate, nitrite, TN and phosphorus were below detection limits.
DISCUSSION
> LG BATHYMETRY AND MORPHOMETRY
LG has a highly irregular shoreline, reflected by its D L of 4.19. The measured z r (0.7%) was less than 4%, indicating that the reservoir is shallow with a relatively large surface area (Hutchinson, 1957) . This suggests that LG is mixed by wind in its shallower parts (i.e. fluvial and transitional zone), while the lacustrine zone is deep enough to remain stratified throughout most of the year (Hutchinson, 1957; Wetzel, 2001) . A D R of 0.16 indicates that LG sediments in shallower areas are re-suspended by wind-wave effects. The D v /3 of 0.78 suggests that 78% of the sediments subjected to re-suspension are transported to deep waters, while the remaining 22% are transported to surface waters (Castro et al., 2003; Hakanson, 1981) . The results presented here confirm the stratification of the lacustrine zone, as well as a significant longitudinal zonation. This longitudinal zonation was undoubtedly the result of biological activity and LG's morphology since lake morphology partly determines its metabolism, as it exerts a major influence on physical, chemical and biological parameters (Wetzel, 2001 ).
> LG THERMAL STRATIFICATION, MIXING REGIME AND OXYGEN DISTRIBUTION
LG receives a relatively high and regular solar irradiance (≈460 cal·cm −2 ·day −1 ) due to its latitude (Lewis Jr, 1987) . Consequently, the epilimnion temperature is expected to be higher than that of the hypolimnion, resulting in thermal stratification in both the transitional and lacustrine zones during most of the year. This was confirmed by temperature differences of up to 5
• C between the epilimnion and hypolimnion. However, during winter, the thermal stratification disappeared. These changes are typical for warm monomictic water bodies as reported by Hutchinson and Loffler (1956) and by Tundisi (1994) , but differ from the warm polymictic thermal cycle reported by Lewis Jr (1983) for other lakes at LG's latitude with similar depths. Nevertheless, the warm monomictic cycle of LG is consistent with the thermal cycle described by Merino-Ibarra et al. (2007) for Valle de Bravo reservoir, located at 1780 m a.s.l., 106 km SW from LG. Similar thermal and oxygen profiles in the water column were observed by Vazquez et al. (2004) in a tropical lake with an average water temperature higher than LG (21 to 26
• C). In the epilimnion of the LG fluvial zone, DO occasionally reached 18 mg·O 2 ·L −1 (i.e. above saturation) when the Chl-a concentration reached 0.8 mg·L −1 . DO at oversaturation concentrations are often reported in tropical-subtropical hypereutrophic systems because of enhanced primary productivity. This has been reported previously by Torres-Orozco et al. (1996) . In contrast with the LG fluvial zone, DO in the hypolimnion of the transitional and lacustrine zones stayed below 4 mg·O 2 ·L −1 . This is the minimum tolerable DO concentration for fish life in warm water according to USEPA (1986b). Low DO concentrations, which can inhibit aquatic life, were due to several factors, such as poor oxygen solubility at relatively high temperatures and altitude, stratification, and high nutrient concentrations generating high oxygen demanding microbial activity. This is in accordance with previous reports of high fish mortality and decreases in the number of migratory birds (Gutierrez-Díaz, 2006, Personal communication. Environmental Department Director, Cuautitlán Izcalli, Mexico) .
> MAJOR IONS AND NUTRIENTS
Nitrate and nitrite were undetectable in LG throughout the experiment, but significant amounts of ammonium were measured. Average concentrations of ammonium were 5.0 ± 2.5 mg·NH + 4 -N·L −1 . This was probably linked to the anoxic conditions found in most of the LG water column, as the oxidation of ammonium to nitrate (nitrification) is oxygen dependent, thus nitrification in LG was probably inhibited. Additionally, nitrification can be sensitive to high concentrations of organic matter (Stüven et al., 1992) . The absence of nitrifying activity was confirmed by ex situ tests during which ammonium was added to water samples and maintained for seven days under aeration, with no significant ammonia oxidation (data not shown). Furthermore, nitrate reduction to dinitrogen may have depleted nitrate and nitrite. Mateju et al. (1992) stated that denitrification becomes significant in tropical-subtropical water reservoirs at temperatures above 14
• C. Rapid denitrification under anaerobic conditions was observed during ex situ activity tests completed under anaerobic conditions with nitrate artificially added to water samples (Data not shown). In LG, the maximum DIN:SRP ratio was 7, which is relatively low and suggests that the limiting nutrient for phytoplankton growth was nitrogen (Morris and Lewis Jr, 1988) , as was observed previously in several tropical and subtropical lakes (Lewis Jr, 2002) .
> CHLOROPHYLL A, SECCHI DEPTH, TROPHIC STATE AND WATER QUALITY INDEXES
According to Carlson's trophic state index (TSI), LG remained hypereutrophic (average TSI value was 85.3 ± 7.9) throughout the monitoring period regardless of the seasonal variations or longitudinal zonation. In contrast, the maximum TSI value in LL was 48.2, which classifies it as mesotrophic. The mean WQI of LG was 24, ranging from 18 in the fluvial zone to 28 in the lacustrine zone. According to Fernandez and Solano (2005) , the WQI observed in LG suggests that the water in the reservoir is inappropriate for any use, including public supply, agriculture, fisheries, industry and recreation. By contrast, WQI of LL ranged from 63 to 70, thus being of acceptable quality for all previously cited uses. Algal blooms occurred frequently over the stratification period and can be seen as an additional eutrophication indicator. The same observations were made at the Valle de Bravo reservoir (Merino-Ibarra et al., 2007) , at Lake Lago de Chapala (Lind and Davalos-Lind, 2002) , and at Lake Lago de Patzcuaro (Berlanga-Robles et al., 2002) , all of which are located in sub-tropical areas of Mexico. This study confirms that cultural eutrophication is a major problem in several Mexican water reservoirs. Furthermore, the contrasting conditions of LG and LL, suggest that even though subtropical lakes are prone to eutrophication, urban wastewater discharges are the main factor accentuating this process.
> MICROBIOLOGICAL QUALITY
High concentrations of total coliform, faecal coliform and faecal streptococci were found in LG. Microbial indicators were consistently above the USEPA (1986a) single sample limit. Overall, 96% of total coliform counts exceeded the USEPA limit of 4 logCFU 100 mL −1 , 87% of the faecal coliforms counts exceeded the USEPA limit of 2.6 logCFU 100 mL −1 and 77% of the faecal streptococci counts exceeded the USEPA limit of 1.5 logCFU 100 mL −1 . These results are a strong indicator of wastewater discharges in LG. Moreover, the ratio of faecal coliforms to faecal streptococci (FC/FS), which is a clear indicator of the source of contamination, was greater than 4 in 77% of the samples. This clearly indicates that LG is contaminated with human faeces and represents a potential health risk (Dufour, 1997) .
> CORRELATION BETWEEN LONGITUDINAL ZONATION AND WATER QUALITY INDICATORS
Several parameters presented a clear longitudinal zonation across the LG main axis (i.e. distance from the dam). Areas of increased distance from the dam (lacustrine zone) were found to be more polluted (fluvial zone). This zonation was confirmed by the Pearson product-moment correlation coefficients. Correlation with distance to the dam was significant for TOC (r(26) = 0.51, P < 0.01), COD (r(17) = 0.64, P < 0.01), TN (r(26) = 0.37, P = 0.05). For instance, Figure 6A shows the confidence limits and prediction bands of the linear regression model for COD vs. distance to the dam. The parameters related to anthropogenic contamination were also correlated, i.e. TSI and TOC (r(15) = 0.76 P < 0.001), TSI and TN (r(15) = 0.67, P = 0.005) and TSI and Chlorophyl-a (r(15) = 0.54, P = 0.05). Figure 6B shows the confidence and prediction bands of the linear regression model for TSI vs. TOC. By comparison, there was no longitudinal zonation or significant correlation between the parameters in LL (P > 0.05). These contrasting results suggest that the longitudinal zonation observed in LG was a result of high anthropogenic organic inputs at the fluvial zone.
> SEDIMENT ANALYSIS
The sediments of the lacustrine zone in LG had higher TOC concentrations than of the fluvial zone. This is contradictory to our water quality observations, as water from the lacustrine zone contained significantly less contaminants than the fluvial zone (Figures 4, 5 ). This suggests there is higher accumulation of organic matter in lacustrine zone sediments.
> IMPACT OF WASTEWATER DISCHARGES AND POSSIBLE SOLUTIONS
Several parameters unequivocally showed the impact of cultural pollution on LG. Table II showed important differences between LG and LL that can be attributed to sewage discharges. Nitrogen, phosphorus and carbon compounds in LG were at concentrations 3 to 40 times higher than in LL. Similarly, Chlorophyll-a, COD and BOD 5 were significantly higher in LG than LL. As a result of this pollution, SDD was four times higher in LL than in LG, and an orthograde oxygen profile in LL contrasted with a clinograde profile and generalized anoxic conditions in LG.
The obvious long-term solution is to avoid pollution through an adequate wastewater treatment combined with the separation of pluvial and sewage discharges; both of them not applied yet. Effler et al. (2013) showed that with a reduction of pollutant input, the water quality of a lake can improve dramatically in a relatively short period. In addition, an immediate shortterm, but partial solution, may be artificial aeration. As previously shown, LG is subject to anoxic conditions in most part of the water column over time. Aeration would allow, at least partially, to compensate for the oxygen deficit and probably reduce the BOD 5 concentration of the water. However, considering an energy consumption of approximately 1 to 1.5 kW·h per kg of oxygen transferred to the water, the energy cost would be important, but even small changes in oxygen inputs and mixing regimes may have an important positive impact on the lake's ecology (Heo et al., 2004) . A third option could be to adapt a section of the fluvial zone of the reservoir to treat the wastewater influents in situ. This strategy has been reported by Martin et al. (2013) by using constructed wetlands and by Wu et al. (2006) with a plant-biofilm ditch.
CONCLUSIONS
LG may be classified as a warm monomictic water reservoir. Wastewater discharges in the fluvial zone have increased nutrient availability inducing hypereutrophication. The DIN:SRP ratio indicated that limited phytoplankton growth might be related to low nitrogen availability. As a result of eutrophication, oxygen deficiency was observed in the hypolimnion during most of the year. By contrast, algal blooms occasionally increased the epilimnion's DO concentrations above saturation. The high amount of bacterial pathogens represents a potential health risk not just for the surrounding population, but also for the population that consumes crops irrigated with its water. Furthermore, due to the anoxic conditions in the water column related to the LG hypereuthrophic state, massive fish die offs occur and consequently the number of migratory birds arriving each year has decreased. Thus, LG's deteriorated state transcends its regional impact as migratory birds are affected. Finally, most of the water quality indicators presented a clear longitudinal zonation in LG that was not observed in LL, suggesting that independent from the geographical location, the main cause for the deteriorated state of LG is the anthropogenic contamination related to an overall inadequate reservoir management.
